Abstract e-Health (or digital healthcare) is becoming increasingly relevant in multiple sclerosis (MS) clinical management. We aim to review and discuss current status and future perspective of e-health in people with multiple sclerosis (pwMS). The first part of this review describes how information on MS can be conveyed through the Web and digital media. The second part illustrates recent advances in digital technology that can improve clinical management and in motor and cognitive rehabilitation of pwMS. Finally, this review advocates future development of the "digital case manager" as a new figure to coordinate clinical management and care of pwMS. The digital revolution is changing the medical approach to MS in terms of information conveying and sharing, rehabilitation, and healthcare management.
Introduction e-Health (or digital healthcare) is becoming increasingly relevant in the management of people with multiple sclerosis (pwMS). 1 Examples of e-health include social media use, online scientific information sharing through patient networks, 2 assistive technology, mobile phone apps, wearable devices, and technical tools for neurorehabilitation. 1 In the first part of this narrative review, we will focus on the possibility to convey the information flow generated on the Internet to acquire data on multiple sclerosis (MS). The second part will discuss recent advances in digital technology for pwMS that can be applied to improve the everyday clinical management and to make motor and cognitive rehabilitation more accessible. Finally, this review advocates the "digital case manager" as a new e-health tool to extend the clinical management and healthcare of pwMS.
Information on MS in the digital era

Infodemiology of MS: why people search online information on MS
An ever-increasing number of people search online for health information. This phenomenon has been described as a new field of epidemiology, called infodemiology-the study of how health information is conveyed and accessed on the Internet. 3 Infodemiology can explore possible associations between Internet searches and epidemiology of a specific disease. For instance, there is a strong association between geographic distribution and online searches of MS both in Italy and France. 4 However, online searches on MS do not correlate with absolute prevalence of the disease, and so might also reflect the general interest in MS. Peaks in online interest toward MS occur when a celebrity is reported to have MS, 5 or when a celebrity with MS participates in a television talk show. 6 As a consequence, factors increasing online searches on MS may be considered and exploited in public health policies when launching new campaigns to increase awareness on the disease. Infodemiology could also be used to identify unmet information needs among Internet users or to assess how health information is provided and accessed in the Internet. 5 individuals who are usually recognized for their research, publication record, impact factor, and leading role in a national and international context and are routinely consulted for research, publishing, or speaking engagements. Nowadays, these experts could reach a broader audience by becoming digital opinion leaders (DOLs), exploiting digital media to spread and/or amplify their message. While the KOL model is hierarchical, with influence coming from experience and publications, the DOL model is characterized by a less vertical and more collaborative architecture, defined as a continuous interaction among peers, and between experts, patients, and members of the public. The influence of DOLs can be easily quantified in terms of number of online followers and how often their message is shared in the online community.
In the healthcare, KOLs generally use traditional media, with less than 20% engaging the public debate through social media or other digital media. 7 The role of DOL can be held not only by clinicians or researchers but also by patients, caregivers, patient advocacy groups, and health bloggers. The role of e-health DOLs include providing reliable information on diseases and treatments, recruiting for clinical trials, defining marketing strategies, and developing training and support programs. 7 Furthermore, by reaching many people, DOLs can amplify specific medical information (or misinformation-see below) in the online community.
Digital media have transformed the way we communicate 8 and have made easier for expert opinion leaders to emerge, providing them with a powerful platform to convey their messages. DOLs generally challenge the public on common social media (e.g. Twitter or Facebook) but frequently also run personal or collaborative websites or blogs.
Misinformation has emerged as a main issue in the digital age and should be considered within the wider context of the so-called post-truth era. 9 Thus, it is important to monitor information trends and developments in online patient communities in order to intervene promptly with evidence-based and correct information. DOLs may effectively contribute to avoid the spread of false health information.
The role of social media in MS health information
In 2009, in response to the proposed controversial MS therapy based on the unproven chronic cerebrospinal venous insufficiency (CCSVI) theory of MS etiology, 10 the BartsMS Blog was set up, 11 representing a turning point in enhancing the digital presence to promote quality of care, to spread valid information, and to contrast misinformation. The BartsMS Blog has since grown as a model for dissemination of evidencebased information, supported by a team of researchers and clinicians that focus on a wide range of issues in MS research, diagnosis, treatment, and much more. Other MS social networks/blogs/web pages in English language are listed in Table 1 ; they may differ considerably in scope and format. Some have a main interest in scientific and research topics, while others are focused on fundraising, or are conceived as educational resources to facilitate communications between physicians and patients.
They represent platforms suitable not only for specialist in the field of MS but also for pwMS or for scientific organizations involved in MS. An Italian example of online blog on MS is SMsocialnetwork. com, a Facebook-like social network written by PwMS, where neurologists and psychologists constantly oversee the content, in the attempt to avoid the spread of fake news. 12 Blog posts on common issues in MS can help saving time during clinical visits through educating patients before their consultation and enable the clinician to refer the patient to the Blog after the visit.
Online blogs on MS are also well suited to conduct surveys and for self-monitoring activities. However, it should be noted that keeping blogs up-to-date regularly is time-consuming and frequently represents a limitation of these platforms.
Digital technology and MS
Wireless and wearable devices in MS
Wearable devices represent promising tools to monitor disease progression; to detect falls; to assess sleep, fatigue, tremor, and ataxia; to monitor autonomic function; and to enhance rehabilitation (Table 2) . 13, 14 Accelerometers can measure steps, body position, and gross activity patterns (e.g. standing, sitting, laying down, sedentary time, and hours of sleep), but cannot determine the quality of movement, joint kinematics, or motor impairments. 15 Studies have shown that the steps/day parameter is a reliable and valid measure of free-living walking behavior in pwMS. 16 The reliability and accuracy of accelerometer-based step counts have been validated showing an overall good accuracy compared to true step count, particularly in patients with mild disability. 13 Moderate to good correlations have also been reported with Expanded Disability Status Scale (EDSS) scores, although only in patients with EDSS scores between 0.0 and 6.5 (limited generalizability of results). 13 However, long-term studies are needed to determine if disease progression can be detected monitoring these parameters. Glove-type monitors are another example of wearable devices which may prove useful in MS. They have been developed to monitor upper limb function and measure fine movements and force applied by fingers. 17 Such activity monitors are passive, as they do not require input from the patient. More sophisticated systems can incorporate cognitive testing and other parameters that require the patient to actively participate in the monitoring.
Other wearable devices, including actigraphy, gyroscopes, and body temperature or heart rate monitors, can be used to obtain a more comprehensive assessment of different body functions and to monitor disability in pwMS.
The research on potential application of other devices in MS, including tri-axial accelerometers-which can capture multidimensional data by measuring acceleration in a tridimensional field-is still ongoing, and further studies are required to assess their reliability and accuracy to monitor body functions and disability in pwMS. Further details on wearable devices and biosensors can be found in two recent reviews. 13, 14 Interestingly, some biosensors have been recently incorporated into commercial devices, such as smart watches and phones, improving the possibilities to monitor pwMS; an example is the use of accelerometers to provide a "step count" assessment during daily activity. However, a validation of their reliability and accuracy will be the first step toward their use in clinical practice. Testing should be conducted in different populations using large patient cohorts, and their value in improving patient management has to be established. Validation could be useful also for obtaining reimbursement from the healthcare system.
Exergames in motor neurorehabilitation for pwMS
Physical therapy can increase residual function in patients with motor deficits. Gamification aims at translating a motor activity into a game, so that the physical effort may become more sustainable or efficient. 18 Games that increase or promote physical activity are known as exergames and can be used to improve fitness in the general population 19 as well as in pwMS for rehabilitation purposes. 20 Several exergames that are already available as entertainment tools can be modified for a specific rehabilitative target. 21, 22 Exergames for neurorehabilitation make possible to target specific functions by choosing tasks relevant to the patient's needs and to adjust task difficulty, repetition, and intensity in order to maximize the effect. 23 Although exergames cannot replace physiotherapistassisted rehabilitation, home-based training can promote fitness and healthy behavior in pwMS with mild disability and contribute to the maintaining of longterm abilities acquired with conventional physiotherapy. 24 Exergames may also have implications for neuroscience research, as a tool for studying trainingenhanced brain plasticity and links between motor and cognitive domains processed by overlapped brain networks serving different functions (e.g. balance and executive function). 25 
Videogames and exergames in cognitive neurorehabilitation for pwMS
Playing action video games has some beneficial effects on cognitive skills, including attention, visuospatial function, and processing speed on the general population. 26 Hours adolescents spend on video gaming have been associated with higher cortical thickness in the left dorsolateral prefrontal cortex (executive control, strategic planning) and left frontal eye field (visuo-motor integration). 27 Meta-analyses of studies on action video gaming effects in healthy subjects and clinically impaired populations reveal a small to medium effect size on a series of cognitive skills. 28, 29 However, when considering only patients with neurological conditions, exergames are equally effective for global cognitive functions and attention, and more effective for executive functions and visuo-spatial perception, compared with conventional therapies. 29 Apart from promising results in motor functions, 24 there is increasing evidence showing that motor exergames may prove beneficial in cognitive rehabilitation, 28 thus raising the hope that improved performance in a motor function may be beneficial for other untrained functional domains. 29 The effect of exergames (balance board video game) on sustained attention was investigated in a small crossover study on 21 pwMS. 30 During balance board training, paced auditory serial addition test (PASAT) 3″ and 2″ scores significantly improved when compared with a wait-list group, but returned to baseline when not trained anymore. Improvements at PASAT correlated with improved balance control that, in turn, was associated with structural changes in the cerebellum on magnetic resonance imaging (MRI), thus highlighting the role played by the cerebellum in balance control and cognition. 31
Digital health case manager: a new figure in e-health management of pwMS?
In an appropriate healthcare setting, case managers should coordinate patient care with characteristics of consistency (toward widely accepted guidelines), continuity (over time), commitment (toward improving health and social conditions), and consolidation (of the health status). 32 In general, case managers are involved from the very beginning of healthcare assistance and are specifically responsible for the preliminary evaluation and, each patient, with coordination of appointments, reminders, and so on, putting the patient at the center of the process. The costs for such a system would be contained, while improvements through immediate access to expert input may substantially improve the quality of care and of life for pwMS. 37 Not least, these platforms should be specifically designed to account for patients' characteristics, not only in terms of MS-related disability but also for their literacy (traditional and computer specific) and propensity to digital media use. 38
Conclusion e-Health is a reality involving several fields of medicine, including neurology. An increasing number of people seek information on MS on the Internet, generating a data flow that can be analyzed for research and used for health policy purposes. The online searches for MS only partly reflect the epidemiology of the disease and are influenced by several factors which can be exploited for planning health campaigns to increase the awareness toward this condition and for fundraising. With an increasing amount of information conveyed through the Internet and shared in social media, the new figure of DOL is emerging. With regard to online information on MS, further efforts should be made to have reliable e-health information provided and amplified by DOLs from the scientific community, in order to limit the uncritical diffusion of unsubstantiated or even false information about scientifically unproven treatments. Online blogs can provide reliable information on MS in an effective way. The enormous potential of digital technology should be further exploited for pwMS, both for rehabilitative purposes (motor and cognitive) and to improve clinical management of pwMS through online platforms (digital case managing).
The digital revolution has changed the medical approach to MS with new information conveying and sharing, and new rehabilitation and patient care approaches. 
